Background: Animal studies have demonstrated that timing of pubertal onset can be altered by prenatal exposure to dioxins or polychlorinated biphenyls (PCBs), but studies of human populations have been quite limited. Methods: We assessed the association between maternal serum concentrations of dioxins and PCBs and the sons' age of pubertal onset in a prospective cohort of 489 mother-son pairs from Chapaevsk, Russia, a town contaminated with these chemicals during past industrial activity. The boys were recruited at ages 8 to 9 years, and 4 years of annual follow-up data were included in the analysis. Serum samples were collected at enrollment from both mothers and sons for measurement of dioxin and PCB concentrations using high-resolution mass spectrometry. The sons' pubertal onsetdefined as pubertal stage 2 or higher for genitalia (G) or pubic hair (P), or testicular volume Ͼ3 mL-was assessed annually by the same physician. Results: In multivariate Cox models, elevated maternal serum PCBs were associated with earlier pubertal onset defined by stage G2 or higher (4th quartile hazard ratio ϭ 1.7 [95% confidence interval ϭ 1.1-2.5]), but not for stage P2 or higher or for testicular volume Ͼ3 mL. Maternal serum concentrations of dioxin toxic equivalents were not consistently associated with the sons' pubertal onset, although a dose-related delay in pubertal onset (only for G2 or higher) was seen among boys who breast-fed for 6 months or more. Conclusions: Maternal PCB serum concentrations measured 8 or 9 years after sons' births-which may reflect sons' prenatal and early-life exposures-were associated with acceleration in some, but not all, measures of pubertal onset.
mixture (Aroclor 1221) advanced puberty in female rats. 9 PCB exposure has furthermore been associated with increased adult testis weight in rats, 10, 11 and with altered regulation of gonadotropin-releasing hormone (GnRH), 9 a hormone with a critical role in initiating puberty.
The limited number of epidemiologic studies conducted to date have reported no association between male pubertal stage and prenatal exposure to dioxins or PCBs, [12] [13] [14] although one study found an association with reduced penile length. 13 Recently, a large cross-sectional study found higher peripubertal serum PCB concentrations among adolescent boys in more mature pubertal stages, suggesting an association between PCBs and accelerated pubertal development. 15 However, none of these epidemiologic studies specifically assessed the timing of pubertal onset, and none had detailed information on serum concentrations of both dioxins and PCBs. We recently reported an association between higher peripubertal serum dioxin concentrations (measured when the boys were 8 to 9 years old) with later male pubertal onset. 16 In the present study, we assessed the association of maternal serum concentrations of dioxins and PCBs (measured 8 to 9 years after the pregnancy with the index son) with their son's age of pubertal onset. Because these chemicals have long half-lives in human adults (eg, 7.2 years 17 for TCDD and 4.3 years 18 for PCB153 19 ), the mothers' serum concentrations 8 to 9 years after pregnancy are correlated with their levels during pregnancy and serve as a surrogate measure of their son's in utero and lactational exposure. These data were collected as part of the Russian Children's Study, a prospective cohort study of boys (and their mothers) living in Chapaevsk, Russia. The primary objective of the study is to assess the association of environmental exposures with pubertal maturation and growth among the boys. Chapaevsk, approximately 950 kilometers southeast of Moscow, is an area with elevated environmental levels of dioxins and PCBs. Until 2003, it was the site of chlorinated chemical production at the Middle Volga Chemical Plant, that is, SVZH (also referred to as "Khimprom" in previous publications 19, 20 ). Dioxins were generated as unwanted by-products of chemical syntheses. 21 PCBs were typically used in electrical capacitors and transformers, although their specific use at Middle Volga Chemical Plant is unknown. Environmental release of these chemicals most likely resulted from improper disposal of hazardous waste from the plant, including uncontrolled incineration.
METHODS

Study Population
The Russian Children's Study is an ongoing prospective cohort of 499 peripubertal boys (including 7 sibling pairs) and their mothers in Chapaevsk, Russia. A total of 572 eligible boys aged 8 or 9 years were identified using the town-wide health insurance information system and recruited between 2003 and 2005; 90% of the families agreed to participate. 22 The study was approved by the human studies institutional review boards of the Chapaevsk Medical Association, Harvard School of Public Health, University of Massachusetts Medical School, US Centers for Disease Control and Prevention, and Brigham and Women's Hospital. Before participation, the parent or guardian signed an informed consent and the boy signed an assent form.
At study entry, a physical examination was conducted, and each boy and mother provided blood samples for analyses of dioxins and polychlorinated biphenyls. The boys' blood samples were additionally analyzed for lead. Medical, lifestyle, and diet questionnaires, developed with Russian collaborators, 20,23 were administered to each boy's mother or guardian by a nurse. Information was collected on birth and neonatal history; the child's medical history and physical activity; maternal and household smoking and alcohol use during the pregnancy with the child; family medical, occupational, and residential history; and socioeconomic measures such as household income and parental education. Birth weight and gestational age were also obtained from medical records. A validated Russian Institute of Nutrition semiquantitative food frequency questionnaire was modified to ascertain the child's typical dietary intake over the previous year 24, 25 and to estimate total daily energy intake and the proportion of energy obtained from fat, protein, and carbohydrate.
Physical Examination and Pubertal Staging
At study entry and at annual follow-up visits, a standardized anthropometric examination and pubertal assessment were performed by a single study investigator (Dr. Sergeyev) according to a written protocol and without knowledge of the boys' or mothers' dioxin levels. Height was measured to the nearest mm with a stadiometer (Hite-Rite brand, Seca stadiometer, model 226, Hopkins Medical Products, Baltimore, MD). Weight was measured to the nearest 100 g with a metric scale. Body mass index (BMI) was calculated from the weight and height measurements (kg/m 2 ). Pubertal status was staged from 1 to 5 on the basis of visual inspection and comparison with published photographs, according to internationally accepted criteria. 26 Genitalia staging was assessed on the basis of the size and maturity of the genitalia. Pubic hair staging was based on the number and extent of terminal hair growth. Testicular volume was measured using Prader beads (orchidometer).
Analysis of Blood Samples for Dioxins, PCBs, and Lead
Blood samples were centrifuged and the serum was aliquoted and stored at Ϫ35°C until shipment on dry ice to the Centers for Disease Control and Prevention (CDC) for chemical analyses by the National Center for Environmental Health, CDC, Atlanta, GA. Serum samples were spiked with a mixture of 13 C 12 -labeled PCDDs/PCDFs and C-PCBs as internal standards, and the analytes were isolated from serum by a C18 solid-phase extraction followed by a multicolumn automated cleanup and enrichment procedure. 27 Samples were processed in batches of 10, which included a method blank and 2 quality control samples that were aliquots of pooled bovine sera spiked with PCDDs, PCDFs, and C-PCBs. Quality control sample coefficients of variation (CVs), combining between-and within-run reproducibility, were Ͻ15% for all analytes, with the exception of PCB-77 and OCDF (CVs of 17% and 18%, respectively).
The analytes were separated on a DB-5 MS capillary column (Agilent JW Scientific DB-5 MS ͓p/n 122-5532͔; Agilent Technologies, Santa Clara, CA) and quantified using selected ion monitoring, high-resolution (10,000 resolving power) mass spectrometry. 28 Quantification was done by isotope dilution mass spectrometry using calibration standards containing 13 C 12 -labeled and unlabeled analytes. For specific PCDDs, PCDFs, and C-PCBs that lack their own labeled standard, a labeled congener with the same degree of substitution and a similar retention time was used. Monoortho PCBs (M-PCBs) and nondioxin-like PCBs were extracted from an aliquot (1 g) of sample by SPE extraction. 27 Total cholesterol and triglycerides were measured enzymatically, and the serum total lipid content was calculated as by Phillips and colleagues. 29 All dioxin, furan, and PCB measurements are presented as lipid-adjusted. Blood lead levels were measured using atomic absorption spectrometry, as described previously. 22
Statistical Analysis
The 2 serum concentrations of primary interest were the total dioxin toxic equivalents (TEQs) and the total concentration of PCBs. The total dioxin toxic equivalents (in pg/g lipid) were computed on a lipid-standardized basis using the 2005 WHO toxic equivalency factors (TEFs) to weight each congener's potency relative to 2,3,7,8-tetrachlorodibenzo-pdioxin (TCDD). 30 The total PCBs (⌺PCBs, ng/g lipid) are comprised of the summed concentrations of noncoplanar PCBs, including mono-ortho-substituted PCBs. We assessed concentrations of 7 PCDD congeners, 10 PCDFs, 4 C-PCBs, 6 M-PCBs, and 31 nondioxin-like PCBs. 31 After log10 transformation of all variables to improve normality, Pearson coefficients were used to assess correlations between maternal dioxin and PCB concentrations, and between mother and son concentrations.
The analysis used longitudinal data on pubertal status from the initial visit as well as 4 years of annual follow-up visits. We evaluated associations using Cox proportional hazards models for time to pubertal onset. Onset was defined as testicular volume of Ͼ3 mL (either testis), genitalia stage 2 or higher, or pubic hair stage 2 or higher. Time of onset was defined as the midpoint between the first visit at which onset was observed and the previous visit. Pubertal onset before enrollment was assumed to occur 6 months before enrollment, and boys who were still prepubertal at their last study visit were censored at that visit.
Both ΑPCBs and total dioxin toxic equivalents (TEQs) were categorized into quartiles for analysis in regression models. Unadjusted associations for quartiles of maternal ΑPCBs or total TEQs with time to pubertal onset were assessed using Cox proportional hazards regression models (Model 1). Our modelbuilding strategy focused on including potential confounders (such as household income), as well as covariates that were strong predictors of the outcome to improve the precision of the models and also to adjust for chance correlations of the covariates with exposures of interest. To avoid overadjustment, 32 potential intermediates (such as the sons' birth weight, gestational age, and peripubertal height and weight) were not included in the models despite being associated with age of pubertal onset in this population. 16, 22 Following these criteria, Model 2 was adjusted for household income, maternal age of menarche, son's blood lead level, proportions of dietary fat and protein, and total caloric intake. Household income and proportion of energy from dietary protein were only weakly associated with pubertal onset, but were included due to the former being of a priori interest, and the latter being necessary for interpretability of the other dietary coefficients. 33 In Model 3, both the maternal total TEQs and ΑPCBs were included because the 2 measures were correlated and we sought to assess the independent association of each adjusted for the other.
Other covariates considered but not associated with pubertal onset included parity and maternal or household smoking during pregnancy. All covariates were analyzed as continuous measures except son's blood lead level at age 8 or 9 years (Ͼ5 g/mL vs. less) and household income (Ͻ$75/ month vs. higher).
Sensitivity Analyses
The sons' peripubertal serum dioxin (TEQ) and PCB concentrations were categorized into quartiles and simultaneously added to Model 3, the final Cox model. This was done because the sons' peripubertal serum dioxin concentrations were previously reported to be associated with pubertal onset 16 -as were the sons' peripubertal PCB concentrations, in secondary analyses adjusting for both the sons' TEQs and PCBs-and furthermore because of the correlation between the maternal and sons' dioxin and PCB measures. This was considered a secondary analysis because the sons' peripubertal serum dioxin and PCB concentrations are partially determined by the maternal body burden due to in utero and lactational transfer, and thus may be considered intermediate variables. Because adjusting for an intermediate variable has the potential to introduce bias, these results should be interpreted cautiously. 32 As further sensitivity analyses, we conducted subgroup analyses in which multivariate Model 3 was applied to 2 subgroups in which stronger associations of maternal serum concentrations with pubertal onset might be expected. The first subgroup consisted of boys with duration of breastfeeding Ն6 months because they had the potential for substantial lactational exposure to dioxins and PCBs in addition to in utero exposure. The second subgroup consisted of boys whose mothers were living in Chapaevsk during the pregnancy. Their measured maternal serum concentrations might correlate more highly with their serum concentrations during pregnancy-because they were living in Chapaevsk at both times-as compared with women who recently arrived in Chapaevsk after having lived elsewhere during their pregnancy. Because pubertal onset was assessed annually, approaches for interval-censored outcomes were also subsequently applied, under the assumption of a normal distribution for age at pubertal onset. In addition, repeated-measures models using generalized estimating equations (GEEs) were applied to pubertal onset at each annual visit, with adjustment for correlation among multiple visits using an autoregressive structure. GEE approaches were also used to evaluate the impact of clustering within household for twins and siblings included in the study.
RESULTS
Study Population
Our analysis included 444 mother-son pairs, or 89% of the 499 boys in the full cohort. Of the 55 pairs (11%) who were not included, 10 had chronic health conditions that might affect childhood growth and development. Forty-four were excluded because their mothers did not provide serum samples for analysis of dioxins, furans, and PCBs. The remaining son was excluded because he had been adopted, and his nonbiologic mother's serum sample would not be informative about his prenatal exposure. Seven sibling pairs (including 4 pairs of twins) were included. Birth, maternal, and household characteristics are presented in Table 1 . The sons' BMI, height, and other growth measures at study entry were consistent with World Health Organization child growth standards. 34, 35 The median maternal ΑPCB concentration was 260 ng/g lipid, and total dioxin TEQs were 25 pg TEQ/g lipid. Detailed information on the serum concentrations of dioxins, furans, and PCBs among the mothers and sons has been published previously. 19, 31 The Pearson correlation between the maternal ΑPCBs and total TEQs (both log10-transformed) was 0.74. The Pearson correlations between the mothers' and sons' TEQs and ΑPCB serum concentrations (after log10 transformation) were modest: 0.32 and 0.24 for the maternal ΑPCBs and the sons' ΑPCBs and TEQs, respectively, and 0.19 and 0.36 for the maternal TEQs and the sons' ΑPCBs and TEQs, respectively.
Pubertal Onset at Entry and During Follow-up Period
This analysis included follow-up of up to 4 annual visits after the baseline health examination (ie, until age 12 for the 279 boys recruited at age 8, and until age 13 for the 165 boys recruited at age 9). The proportion of boys with pubertal onset, by age, for the 444 boys included in this analysis is shown in Figure 1 . The proportion with pubertal onset at the initial study visit is shown in Table 1 . Pubertal onset, as defined by genitalia stage 2 or higher (G2) was observed at the initial clinical examination for 62/279 (22%) boys enrolled at age 8, 65/165 (39%) boys enrolled at age 9, and 355/389 (91%) by age 12. A similar increase was seen for pubertal onset defined by testicular volume Ͼ3 mL: 35/279 (13%) of those enrolled at age 8, 29/165 (18%) of those enrolled at age 9, and 336/389 (86%) by age 12. Pubertal onset as defined by pubic hair stage 2 (P2) occurred later in this population: 10/279 (4%) of those first seen at age 8, 30/165 (18%) of those first seen at age 9, and 193/389 (50%) by age 12. By the end of the 4-year follow-up, pubertal onset for G2, testicular volume, and P2 had occurred in 88%, 83%, and 55% of the boys, respectively.
Association of Demographic, Body Size, and Socioeconomic Characteristics With Pubertal Onset
In multivariate models with adjustment for all other covariates, earlier pubertal onset was associated with higher (7) Low household income (Ͻ$75/month) 31 (7) a Missing information: maternal age at menarche (n ϭ 15), son's blood lead (n ϭ 2), proportion of dietary fat (n ϭ 1), proportion of dietary protein (n ϭ 1), gestational age (n ϭ 4). 279 boys were initially seen at age 8, 165 at age 9. caloric intake (testicular volume and P2), and larger proportions of dietary fat (G2 and testicular volume). Later pubertal onset was associated with older maternal age at menarche (G2, testicular volume, and P2), and the son's higher blood lead level (G2, testicular volume, and P2). For consistency, covariates associated with at least one pubertal-onset measure were included in the final adjusted models for every pubertalonset measure.
Association of Maternal Serum ΑPCB and Total TEQ Concentrations With Sons' Pubertal Onset in Cox Proportional Hazards Models
In unadjusted Cox models for time to pubertal onset ( Table 2 , Model 1), earlier onset of G2 was observed in the 3 upper quartiles of maternal ΑPCB serum concentrations (hazard ratio [HR] ϭ 1.56 [95% confidence interval (CI) ϭ 1.14-2.14] in the highest quartile). Similar results were seen in the Kaplan-Meier plot for G2 (Fig. 2) , stratified by quartile of PCBs. No association with PCBs was seen for the other 2 pubertal onset measures.
The association of maternal ΑPCBs with G2 was slightly weakened in all quartiles after adjusting for multiple covariates (Model 2), although with slightly increased precision for the hazard ratios. After additionally adjusting for maternal TEQs (Model 3), the HR for G2 in the highest PCB quartile was slightly increased compared with Model 2 (HR ϭ 1.65 [95% CI 1.10 -2.48] in Model 3 vs. 1.51 [95% CI 1.13-2.03] in Model 2), although the 95% CI also widened. In Models 2 and 3, the associations of maternal ΑPCBs with pubertal onset assessed by testicular volume Ͼ3 mL or stage P2 or above remained weak and nonmonotonic.
No association of maternal total TEQ serum concentrations with the sons' age of pubertal onset was found ( Table 3 ). FIGURE 1. Proportion of the 444 Russian boys with pubertal onset, measured on the basis of genitalia staging (G2), testicular volume, and pubic hair staging (P2), by age at study visit. Sixty-three percent of boys were recruited at age 8 (n ϭ 279), and the other 37% (n ϭ 165) at age 9. A maximum of 4 years of follow-up occurred; therefore, only the boys recruited at age 9 were seen at age 13. A weak association of higher maternal total TEQ with earlier G2 and testicular volume pubertal onset (Models 1 and 2) was no longer observed after adjustment for PCBs in Model 3.
Sensitivity Analyses for Multivariate Models
The associations between maternal PCBs and earlier G2 pubertal onset seen in Model 3 were unchanged when the sons' peripubertal TEQs and ΑPCBs were simultaneously added, despite the association of the sons' measured TEQs with pubertal onset, 16 and the correlations (although modest) between the maternal and son's serum concentrations.
To supplement the Cox model analyses, the association of maternal PCBs and TEQs with the sons' pubertal onset (using the covariates from Model 3) was also analyzed in both generalized estimating equation (GEE) models for repeated measures, and interval-censoring models (under the assumption of a normal distribution for age at pubertal onset). These alternate models were consistent with the results shown in Tables 2 and 3 . On average, G2 pubertal onset occurred 7, 5, and 11 months earlier for those in maternal ΑPCB quartiles 2, 3, and 4 as compared with the lowest quartile (adjusting for covariates as in Model 3). Furthermore, results were similar after excluding all siblings, or accounting for clustering within families. In the interval-censored model, the mean age of pubertal onset for G2, TV, and P2 was 9.5 years, 10.3 years, and 12.0 years, respectively.
Subgroup Analyses
Because we hypothesized that maternal ΑPCB serum concentrations were a proxy for the in utero and potential lactational exposure of the son, we explored whether maternal ΑPCB serum concentrations were more strongly associated with pubertal onset among the 40% of boys who breast-fed for at least 6 months, which could lead to increased dioxin and PCB exposure through lactational transfer. As hypothesized, we found a stronger association of maternal serum PCBs with G2 pubertal onset among these boys: the hazard ratios (95% CIs) for quartiles 2, 3, and 4, respectively, were 1.18 (0.72 to 1.92), 1.44 (0.78 to 2.66), and 3.06 (1.32 to 7.12), adjusting for the same covariates as in Model 3. Among this subgroup of boys there was also a dose-related delay in G2 pubertal onset with increasing quartiles of maternal total TEQs, with hazard ratios of 0.85 (0.52 to 1.39), 0.81 (0.44 to 1.49), and 0.41 (0.17 to 0.99) for quartiles 2, 3, and 4, respectively. No association of maternal total TEQs with testicular volume or P2 was observed in any subgroup.
In a final subgroup analysis, the association of maternal ΑPCB concentration with G2 pubertal onset was not stronger in the subset of 367 mothers who were living in Chapaevsk when their son was born, compared with those who were not living in Chapaevsk at that time. Because all the mothers' dioxin and PCB concentrations were measured while they were living in Chapaevsk (when the son was 8 or 9 years old), we had hypothesized that among women also living in Chapaevsk at the time of their son's birth, the measured ΑPCB serum concentrations might be more strongly correlated with their ΑPCB serum concentration during pregnancy, 8 or 9 years before, than among the women who were living in a different town during pregnancy.
DISCUSSION
Primary Results
Our principal study hypothesis was that boys' exposure to dioxins and PCBs in utero and in early lifeestimated by measuring their mothers' serum TEQ and PCB concentrations when the boys were aged 8 or 9 years-would be associated with the boys' timing of pubertal onset. In our primary analyses, higher maternal serum concentrations of ΑPCBs were associated with earlier onset of puberty, defined by genitalia stage G2 or above, but not with pubertal onset defined by testicular volume or pubic hair staging. This association was unaffected by adjusting for the son's serum concentrations of total dioxin TEQs and ΑPCBs. However, no association of maternal serum total TEQs was seen with any measure of sons' pubertal onset among the full cohort.
Results From Subgroup Analyses
A stronger association of maternal ΑPCBs with G2 pubertal onset was seen in the subgroup of boys who breastfed for at least 6 months, compared with those who breast-fed less. Furthermore, among this same subgroup, a strong doserelated delay in G2 pubertal onset was seen for increasing quartiles of maternal TEQs. This finding of stronger associations among boys who breastfed longer is consistent with greater early-life exposure due to lactational transfer of FIGURE 2. Kaplan-Meier curve for G2 onset, stratified by quartile of total PCBs (ng PCB/g lipid). Time of pubertal onset was defined on the basis of the midpoint between the first visit at which onset was observed and the previous visit. Visits occurred on or near the son's birthday.
PCBs and dioxins. However, in the present study this subgroup analyses was not prespecified, and thus should be interpreted cautiously. A similarly stronger association of maternal dioxin exposure with male semen quality among breastfed boys than among non-breastfed boys has recently been reported. 36 
Comparison With the Previously Published Sons' Peripubertal Serum Dioxin and PCB Associations With Pubertal Onset
The associations of the sons' peripubertal serum dioxin and PCB concentrations with pubertal onset (G2 and testicular volume) are described in a separate publication. 16 Briefly, in secondary analyses adjusting for both peripubertal serum TEQ and PCB concentrations, TEQs were associated with delayed testicular volume and G2 pubertal onset, and PCBs with accelerated G2 and testicular volume pubertal onset. Thus, the peripubertal PCB associations were in the same direction as those reported here for the maternal PCBs (although more consistent across multiple pubertal staging measures), whereas the peripubertal TEQ associations were stronger than those observed here for maternal TEQs. It was recently reported that the association between dioxin exposure and semen quality differed depending on whether exposure occurred during infancy and/or prepuberty versus during puberty or adulthood. 37 Exposure to TCDD in infancy reduced sperm quality, whereas an opposite effect was seen with exposure during puberty. Exposure in either period was associated with a reduction in estradiol and increased follicle-stimulating hormone. It remains to be determined whether the findings from the present study indicate that the peripubertal period is a time of greater susceptibility than early life for the association of dioxins and PCBs with pubertal onset. Alternately, exposure misclassification in our measure of early-life exposure might be responsible for the weaker associations observed here.
Discordance Between the Different Measures of Pubertal Onset
Pubertal onset defined as genital stage G2 or above was the only pubertal measure that was associated with maternal ΑPCBs or total TEQs. Testicular development is regulated by the hypothalamic-pituitary-gonadal axis, and can be delayed or arrested by either a peripheral or central mechanism due to inadequate secretion of hypothalamic GnRH or pituitary gonadotropins (hypogonadotropic hypogonadism). Genital staging is based on growth of the external genitalia (phallic and scrotal development), whereas pubic hair growth typically reflects adrenarche (adrenal androgens) and has a strong familial and ethnic influence. Although genital staging and testicular volume are tightly correlated, the mechanisms underlying these 2 measures are not completely identical. Genital maturation is primarily dependent on androgens, whereas testicular growth, in addition, requires gonadotropins because the seminiferous tubular compartment constitutes an increasingly larger percentage of the testicular volume with pubertal maturation. In male rats, the fungicide vinclozolin, an antiandrogen, has been found to delay preputial separation-an androgen-dependent indicator of pubertal development 38 similar to G2 pubertal onset in humansbut did not affect testis weight. 39 In humans, testosterone therapy for hypogonadotropic hypogonadism restores normal genital maturation, but does not increase testicular volume. The latter requires administration of GnRH or gonadotropins such as follicle-stimulating hormone (FSH) or human chorionic gonadotropin (hCG). 40 Thus, it is mechanistically plausible that a chemical exposure such as PCBs could differentially affect G2 and testicular volume pubertal onset. Alternatively, the lack of consistency may be due to differences in assessment, in that genital staging is based on visual inspection, whereas testicular volume requires palpation and is deemed a more precise measure of puberty.
Comparison With Serum ΑPCB and Dioxin Concentrations in Other Populations
The serum PCDD/F/PCB concentrations measured in this cohort are elevated compared with the current U.S. general population. 31, 41 Compared with the 20-to 39-yearold U.S. population in 2003-2004, serum concentrations among these Russian women were elevated for both median ΑPCBs (75 vs. 260 ng/g lipid, respectively), and 90th percentile total TEQs (16 vs. 51 pg TEQ/g lipid respectively). In particular, the cutpoint between the first and second ΑPCB quartiles in our analysis was 196 ng/g lipid which is substantially higher than the aforementioned median U.S. concentration. Finer categorization of low-level exposures in our data is not possible because the 5th percentile ΑPCB concentration among these women is 134 ng/g lipid, and only 2 women have ΑPCB serum concentrations Ͻ75 ng/g lipid. Although the hazard ratio for G2 pubertal onset in the second quartile of maternal ΑPCBs is elevated relative to the first, the greatest increase in the hazard ratios is between ΑPCB quartiles 3 and 4 ( Table 2 , Model 3; Fig. 3 ), which corresponds to serum ΑPCB concentrations substantially higher than the current U.S. median.
Strengths and Limitations
Strengths of this study include its use of a single physician to assess pubertal stage for all participants, as well as its large sample size and prospective design. Serum concentrations of many dioxin and PCB congeners (7 PCDDs, 10 PCDFs, 4 C-PCBs, 6 M-PCBs, and 31 nondioxin-like PCBs) were measured for each mother and son, and important covariates were assessed, including the son's blood lead levels, 22 and family socioeconomic status.
The primary limitation is the 8-to 9-year interval between pregnancy and the collection of maternal serum for analysis of PCBs and TEQs. Despite the long biologic halflives of dioxins and PCBs, 17 this interval is likely to introduce exposure misclassification, which could bias the results either toward the null hypothesis or away from it.
CONCLUSIONS
These findings suggest that maternal ΑPCB serum concentrations collected 8 or 9 years after their sons' births, which may reflect their sons' prenatal and early-life exposures, are associated with acceleration in some measures of pubertal onset, specifically genital staging. This association was not attenuated by adjusting for multiple covariates including the son's peripubertal serum concentration of ΑPCBs and TEQs. However, there were no consistent associations of maternal total TEQs with measures of pubertal onset in their sons. Follow-up of the present cohort continues, providing the opportunity to explore associations of maternal serum concentrations of organochlorines with further measures of timing of pubertal progression (ie, G2 to G5). Figure 2 ). Adjusted for maternal age of menarche, son's blood lead level, proportion of dietary fat, proportion of dietary protein, total caloric intake, household income, and maternal TEQs.
